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1.	Introduction
Explicit L1 signaling of TDD UL-DL re-configuration by UE-group-common (e)PDCCH was taken as working assumption in the May 2013 RAN1#73 meeting. Details on search space, blind decodes, fallback solution, UL scheduling and HARQ timing were left FFS.
In the August 2013 RAN1#74 meeting, this working assumption was confirmed. It was agreed that the L1 signaling is used to at least inform the UE on the DL subframes to detect (e)PDCCH, and to possibly measure CSI. Other purposes of this L1 signaling were left FFS.
Furthermore, it was taken as a working assumption in RAN1#74 that a subframe configured as DL subframe or DwPTS of special subframe in SIB1 (in case of PCell) and RadioResourceConfigCommonSCell IE (in case of SCell) should not be used for UL transmission.
In addition, it was agreed in RAN1#74 that for a serving cell, conventional RRM/RLM measurement is applicable to all the subframes indicated as DL subframe or DwPTS of special subframe by SIB1 (in case of PCell) and RadioResourceConfigCommonSCell IE (in case of SCell). For the neighboring cell, “same UL/DL allocation in neighboring cells” in NeighCellConfig means that all the subframes indicated as DL subframe or DwPTS of special subframe in SIB1 (in case of PCell) and RadioResourceConfigCommonSCell IE (in case of SCell) of the serving cell can be used for RRM measurements.
For HARQ operation, it was agreed in August RAN1#74 that DL HARQ timing follows a higher layer RRC configured TDD configuration where at least configurations 2 and 5 can be selected, with other configurations left FFS. For UL HARQ operation, it was concluded that following a conclusion on DL to UL subframe conversion, it would be decided whether UL scheduling timing and HARQ follow the configuration signaled in SIB1 (Alt 1) or rather follow a higher layer RRC configured TDD configuration (Alt 2).
In this contribution, we provide our recommendations on these remaining open issues for HARQ operation and explicit signaling in support of eIMTA.

2	Discussion
2.1	On the use of DL subframes for UL
In our view, allowing for the possibility to transmit PUSCH in MBSFN-reserved (DL) subframes results in undue specification complexity and much additional RAN4 requirements work. While it is very straightforward to re-schedule entire DL subframes for UL transmissions as if they were UL subframes by re-using existing R8 PUSCH and PUCCH transmission formats, introduction of another shortened PUSCH or PUCCH format to support UL transmissions in the MBSFN-reserved subframe portion is complex.
We think that the benefit for allowing PUSCH transmissions in MBSFN reserved (DL) subframes is incremental when compared to the high percentage of available candidate subframes for traffic adaptation which qualify as flexible subframes for the majority of existing TDD DL-UL frame configurations and in particular configurations 1 and 2.
Proposal 1:
Confirm the WA from RAN1#74 that a subframe configured as DL subframe or DwPTS of special subframe in SIB1 (in case of PCell) and RadioResourceConfigCommonSCell IE (in case of SCell) should not be used for UL transmission.
2.2	DL HARQ operation
It is one possibility to restrict the RRC signaled configured TDD DL-UL configuration to only configurations 2 and 5. However, we think that there is clearly no penalty in terms of RRC signaling support to simply allow for all configurations to be signaled.
From the UE implementation perspective, allowing for all configurations to be signaled is un-ambiguous. When comparing the RRC signaled configuration to obtain the list of flexible subframes, these can only be obtained as a subset of UL subframes in the SIB1 decoded TDD DL-UL frame configuration. Protocol mis-configuration may well be possible, i.e. compare the case of a SIB1 signaled configuration 2 with that of an RRC signaled configuration 0, but will be treated by the UE implementation accordingly, it will decode DL PDCCH/(e)PDCCH according to DL as by configuration 2.
From the RAN4 perspective, it is likely that only a small selected representative number of configuration cases will be included for testing purposes, and we expect these will include the cases of RRC signaled configuration 2 and 5. This is not any different than other R8-R11 features allowing for more flexibility in terms of configuration/setup where RAN4 tests only sample some cases deemed immediately relevant for system operation.
Proposal 2:
DL HARQ timing follows a higher layer RRC configured TDD configuration and all TDD DL-UL configurations can be selected.

2.3	UL HARQ operation
Following our proposal not to consider the possibility of PUSCH transmissions by using the MBSFN-reserved (DL) subframes, we think it is very straightforward to agree on the principle that the R12 eIMTA UE follows the SIB1 signaled frame configuration for UL scheduling timing and HARQ timing.
Proposal 3:
UL scheduling timing and HARQ timing follow the configuration signalled in SIB1 (Alt1).

2.4	Remaining details of explicit L1 signaling
The primary reason for L1 explicit signalling was the motivation that the amount of blind decoding/detection by the UE could be reduced when compared to the case where the UE decodes every DL subframe for DL assignments and UL grants to determine the transmission direction of upcoming subframes.
Several design choices need to be made: contents of the new R12 re-configuration DCI, transmission timing and search space location and whether an acknowledgement procedure is introduced for the re-configuration DCI.
We propose that the re-configuration DCI indicates the TDD DL-UL frame configuration valid for the next upcoming scheduling period. The re-configuration DCI uses a new R12 group C-RNTI and is sent on PDCCH in CSS in a fixed designated subframe that is always DL.
This designated DL subframe for the L1 signalling must be a valid DL subframe for all existing R8 DL-UL frame configurations in SIB1, not carry broadcast signalling or paging, and ideally not have restrictions on PDCCH configuration like special subframes. SIB1 is transmitted in subframe #5. Paging as a function of the configured density of paging occasions will first use subframe #0, but not necessarily in every radio frame, then subframes #0 and #5, then subframes #0, #1 (SS), #5, #6 (SS) in increasing order. It may be considered to simply use subframe #0 given that there is no DL subframe that fulfils all criteria.
The scheduling period should be periodic and RRC configured. In our view, it should range from “1 frame” up to around “32 frames”. Either SIB based R12 broadcast signalling could be used, or R12 UE’s supporting eIMTA could obtain the scheduling period during connection establishment / physical channel re-configuration procedures.
A re-configuration DCI should be sent one or multiple times at the beginning of each scheduling period.
As an example, if the eNB configuration allows for TDD DL-UL frame configuration to be changed every 40 ms, then the RRC configured scheduling period would be set to “4 frames”, and the re-configuration DCI would be decoded by the UE in all DL subframes #0 for radio frames n where SFN mod n = 4.
Instead of using a fixed transmission schedule for sending the re-configuration DCI, it could be considered to send the DCI only “when needed”, i.e. not rely on the use of a fixed transmission schedule. We note, however, that one of the difficulties with such an approach is that the UE can’t know whether it missed the re-configuration DCI which makes design of the fallback rule inherently more difficult. Another inherent issue with such an approach is that it would actually require an increase in UE blind decodes to account for the possible presence of such a re-configuration DCI in addition to unicast DL assignments and UL grants. Similarly, we do not think that it is possible to introduce an acknowledgement mechanism for broad-/groupcast type of DCI’s without significant specification efforts.
In our view, the re-configuration DCI should only include a bitmap for each of multiple CC’s to indicate which subframes are DL and to toggle the CSI measurement. The re-configuration DCI should be rate-matched to the length of the DCI F1C and be sent in the CSS to avoid an increase in the number of blind decodes.
Proposal 4:
The re-configuration DCI includes a bitmap for each of multiple CC’s to indicate which subframes are DL and to toggle the CSI measurement.
The re-configuration DCI is rate-matched to the length of DCI Format 1C and sent in CSS using a new group RNTI.
The re-configuration DCI is sent one or multiple times at the beginning of an RRC configured scheduling period with possible update intervals starting from “1 frame” up to “32 frames”.

3	Conclusions and Recommendations
In this contribution, we provide our recommendations on these remaining open issues for HARQ operation and explicit signaling in support of eIMTA.
In summary, we propose that,
Proposal 1:
Confirm the WA from RAN1#74 that a subframe configured as DL subframe or DwPTS of special subframe in SIB1 (in case of PCell) and RadioResourceConfigCommonSCell IE (in case of SCell) should not be used for UL transmission.
Proposal 2:
DL HARQ timing follows a higher layer RRC configured TDD configuration and all TDD DL-UL configurations can be selected.
Proposal 3:
UL scheduling timing and HARQ timing follow the configuration signalled in SIB1 (Alt1).
Proposal 4:
The re-configuration DCI includes a bitmap for each of multiple CC’s to indicate which subframes are DL and to toggle the CSI measurement.
The re-configuration DCI is rate-matched to the length of DCI Format 1C and sent in CSS using a new group RNTI.
The re-configuration DCI is sent one or multiple times at the beginning of an RRC configured scheduling period with possible update intervals starting from “1 frame” up to “32 frames”.
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